INTRODUCTION
In strip rolling applications oil-in-water (O/W) emulsions have became common lubricants due to its cost, cooling ability, non-flammable and low environmental adverse impact characteristics whilst providing good rolling lubrication. Emulsion generally contains 1% to 5% volume of natural, mineral, or synthetic oil with typical droplet diameter falls in the range between 2 to 20µm.
Despite its low oil volume fraction experimental studies [1, 2] have shown significantly greater EHL film thickness could be developed with emulsions than with water. However their lubrication mechanism is not yet well understood and there has been no unified theory for emulsions lubrication. Nevertheless it is generally accepted that preferential oil phase entrainment into the EHL conjunction and emulsion concentration process are responsible for the emulsion lubricating properties. These processes have been shown to be dependent on the properties of the emulsifying agents, average oil droplet size, oil concentration [3] , and rolling speeds [4, 5] . At very low speed of less than 0.2m/s, Nakahara et. al. [4] showed from fluid dynamics point of view due to continuous phase flow streamlines and turbulence energy level at the inlet zone to EHL conjunction there are three different droplet flow patterns namely reverse, stay and penetration droplets leading to the formation oil pool. Increasing speed leads to the disappearance of the oil pool and after "first critical speed" [5] all stable oil pool disappear and film thickness starts to decrease. Further speed increase up to the second critical speed will reverse the trend. At this speed the emulsion lubrication appears to be dominated by droplet entrainment of two-phase lubricant in the inlet zone. Zhu et. al. identified second critical speed range between 0.15 and 5 m/s.
As most industrial rolling applications operate in much higher speed than these second critical speeds, it seems that emulsion lubrication mechanism at the critical speed regime and beyond can be described as a combined capture and concentrate process. Some concentration theories have been put forward [6, 7] . The dynamic concentration model [6] describes emulsion concentration in the gap between the surfaces once droplets are captured in the conjunction. Yan and Kuroda [7] showed that concentration process is possible because of velocity difference between the oil and water. Recently the authors developed a mixed film lubrication rolling using O/W emulsions [8] . The scheme is able to calculate oil concentration at any point within the inlet zone and work zone, rolling pressure, film thickness, and contact ratio for various rolling speed.
The existing theories of emulsion concentration process have contributed significantly to the understanding of lubricating property of emulsion. Nonetheless direct comparative assessments between experimental results and numerical predictions of rolling parameters such as rolling pressure, torque, film thickness, fractional contact area of emulsion mixed film lubricated rolling has been rarely reported. Recently Shirizly and Lenard [9] performed tests to compare performance of emulsions, neat oils and water lubricated low carbon steel strips.
The paper presents the result of numerical and experimental investigation of mixed film rolling with O/W emulsion.
THEORY
The mixed film lubrication rolling theory using O/W emulsions has been given in [8] .
EXPERIMENTAL DETAILS
Equipment A Hille 100 two-high experimental rolling mill with rolls of 225mm diameter and 254mm long was used. The maximum September 12-16, 2005, Washington, D.C., USA 
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rolling force, torque and speed are 1500kN, 13kN.m, and 70rpm or 0.825m/s. Mechanical screwdown system and two hydraulic capsules are used to adjust the roll gap. To measure rolling force two load cells are located on both the operator and drive sides of the mill housing.
Material
The material used in this project was hot rolled strip after the pickle line process. The mean yield strength of the materials used were measured to be varying from 319Mpa to 400Mpa with mean value of 350Mpa. Lubricants The lubricants were O/W emulsions prepared with 2%, 3% and 5% volume content of oil. The oil used was ROLKLEEN 485. The emulsions were prepared by heating the oil to approximately 65 0 C in an intermediate buffer storage tank and fed into a mixing tank with hot water of 65 0 C as well. Inside the mixing tank, the oil and water emulsion is then agitated by a mechanical agitator/mixer to produce mean oil particle size in the water of approximately 20µm.
Procedure The samples thickness were 2mm. For each emulsions with 2%, 3% and 5% oil content, approximately twenty tests were carried out with different reductions ranging from minimum 0.005 to maximum 0.455 and roll speed ranging from 0.106m/s to 0.8m/s. At these speed ranges the investigated processes at our laboratory were well within the second critical speed range but still much less than the industrial speed range.
RESULTS
One of the main findings is detailed below. The current experimental rig only allows test up to the second critical speed range indicated by Zhu et. al. [5] . The experimental measurements of Rolling force, torque and film thickness were made. Figures 1. and 2 . shows rolling force with different lubricants at two speed RPM = 10 and 30 or 0.1178 (m/s) and 0.3534 (m/s) respectively, versus reduction ratio. As expected for all lubricants increasing reduction ratio monotonically increases the rolling force. From these figures the effect of concentration is not easily discernible. This is qualitatively supported by the results of the numerical simulation of total rolling pressure for low speed as is the case of our experimental speed. Figure 3 shows the total pressure and hydrodynamic pressure distribution in the work zone for low speed case, S=0.0001. Numerical rolling force can be obtained by integrating P. As P curve is hardly affected by oil concentration λ ds so does rolling force at this low speed. In other results we will show that at higher speed RPM = 60, the effects of oil concentration started to become important.
The exhaustive numerical and experimental results and discussion are presented in the full manuscript. Two of the most significant conclusions arrived in the paper are:
• The effect of the concentration process is predominantly seen in the development of the lubricant pressure and the value of the peak pressure with its effect on the total pressure is less pronounced (Figure 3 ).
• The analysis of the results suggests that it is possible to lower the emulsion oil concentration without detrimental effects on the rolling process and indeed use this principle to control the outlet lubricant film thickness. 
